Introduction
Takayasu Arteritis (TA) is a large vessel vasculitis of unknown aetiology that affects the aorta and its branches. The cause is unknown, but genetic contribution to disease susceptibility is increasingly recognised [1] , whilst suggested links with tuberculosis infection remain unproven [2] . Diagnosis is often considerably delayed: in a recent paediatric classification criteria exercise, the mean time from symptom onset to diagnosis was 1.3 years (SD ± 1.6 years) [3] . Even when the diagnosis is secured, challenges occur in distinguishing between the acute or "active" phase of the illness and the chronic, stenotic phase when symptoms or signs are the result of tissue ischaemia from progressive arterial narrowing [4] . It is important to identify active disease since this requires immunosuppressive treatment, but it is unclear whether immunosuppression is effective in the late stage of the disease when a risk-benefit balance must be made [5] . Revascularisation procedures, such as angioplasty and/or stenting, or more invasive surgical interventions such as aortic bypass grafting are commonly required to provide relief from symptomatic ischaemia but are associated with significant life threatening risks and morbidity and are not completely effective in all cases [6, 7] . Moreover the risk of restenosis is high, particularly if the disease is active at the time of surgery [8] [9] [10] [11] . We present a case that highlights the difficulties clinicians face in relation to the diagnosis and monitoring of large vessel vasculitis.
Case Presentation
Absence of retinal vessel pulsation was noted in a twelveyear-old boy during a routine ophthalmology assessment. He had presented with bilateral congenital glaucoma as an infant requiring surgical correction and hence long-term ophthalmology screening. At the age of eighteen months he had a right seventh nerve palsy that lasted 4 months and subsequently resolved; at the age of two years he developed acute, unexplained cardiac failure with evidence of dilated cardiomyopathy. He was commenced on digoxin, captopril, and frusemide and his cardiac contractility gradually recovered. The underlying cause of cardiomyopathy was never determined.
Between the ages of four and ten years he attended school full time. He had reduced stamina and a long history of calf claudication with a claudication distance of 200 m. He reported recurrent episodes of chest and left arm pain but no unexplained fevers and no cutaneous lesions. His growth parameters were normal (weight and height 50th centile for his age and sex). On examination, he had absent femoral, popliteal, dorsalis pedis, posterior tibialis, and brachial and radial pulses bilaterally. Centrally located abdominal and renal flank bruits were noted. Routine laboratory markers of inflammation (white cell count, erythrocyte sedimentation rate, C reactive protein) were normal, as were routine haematological and biochemistry panels. Antinuclear and antineutrophil cytoplasmic antibodies were negative. Peripheral blood cytokine analysis (TNF alpha, IL-6, and IL10) was normal; in addition he had a normal circulating endothelial cell (CEC) count of 20 cells per mL of whole blood [12] . It was noted however that he had a reversed CD4 : CD8 ratio (32% : 40%, resp.).
Multiple radiological investigations were undertaken to assess for on-going active large vessel vasculitis and/or late stenotic sequelae. Radiological investigations collectively revealed widespread arterial disease with occlusion of the subclavian, common iliac, and proximal tibial and peroneal arteries ( Figures 1, 2 , and 3). On computer tomography (CT) angiography, and conventional catheter digital subtraction arteriography the descending abdominal aorta was irregular and tapered distal to the renal arteries with severe proximal bilateral renal artery stenosis ( Figure 4 ). The abdominal aorta was thread-like up to the level of the common iliac arteries with some irregular calcific plaque demonstrated on the CT scan ( Figures 2 and 4) . He had an extensive collateral circulation throughout his arterial tree supplying his limbs.
A half body PET-CT (positron emitting tomography, PET) was performed using fludeoxyglucose (FDG) that showed no uptake of FDG in the large vessels. Echocardiogram showed slight left ventricular impairment with a normal aortic arch, confirmed on angiography, and the coronary arteries appeared normal although selective coronary arteriography was not undertaken.
The clinical history, symptoms, absence of acute phase response, and imaging appearances were compatible with a large vessel vasculitis, currently inactive and in the late stenotic phase of the disease. The exact time of disease onset was unknown. The only positive investigation was a reversed T cell (CD4 : CD8) ratio, and with no FDG uptake on PET-CT, the presence of extensive arterial stenotic lesions, absence of acute phase response including normal peripheral blood cytokines, normal CECs, and aortic intramural calcification, we considered the disease to be in the late fibrotic/stenotic stage. It was therefore felt that immunosuppression was unlikely to confer any benefit. Since there was no obvious angioplasty/revascularisation target; management consisted of a careful and graded return to activity and lifestyle advice to minimise conventional cardiovascular risk factors in the future.
At the age of 14 years he collapsed suddenly; resuscitation attempts were unsuccessful. Postmortem examination revealed severe left ventricular hypertrophy and 70% occlusion of the coronary arteries. The abdominal aorta was narrowed with a patchy and sparse chronic inflammatory cell infiltrate and evidence of active inflammation within the vasa vasorum of the distal aorta. There was marked intimal fibrosis with calcification and collateral vessels, as noted on previous imaging.
Discussion
Diagnosing TA relies on clinical presentation, characteristic structural arterial abnormalities, and evidence of inflammatory vasculopathy on imaging or histology. A classification of childhood TA exists ( this inflammatory large vessel vasculitis from other noninflammatory vasculopathies, since the differential diagnosis is broad (Table 2 ). This issue is particularly difficult when the disease is in the late stenotic phase, where acute vasculitic disease activity may be minimal or absent.
Since clinical features may be very nonspecific or even absent, delay in the diagnosis of TA is unfortunately very common, sometimes of several years [13] . In this case the onset of inflammatory arteritis may have been present for some time, as collateral vessels take several years to develop, and our patient had an extensive collateral vascular system.
Once the diagnosis of TA is secured, there is currently no gold standard investigation that can be used for monitoring disease activity. A previous study involving 10 Indian patients with TA demonstrated that postmortem analysis identified more active disease than what was detectable clinically [14] . Meticulous monitoring of this condition is therefore essential but poses significant challenges. Clinicians currently combine clinical features with acute phase reactants such as the erythrocyte sedimentation rate and/or C reactive protein; imaging techniques such as PET-CT [15, 16] , contrast enhanced MR [17] , and CT angiography [18, 19] ; and formal digital subtraction arteriography, perceived by most to be the gold standard for defining lumenography to monitor for disease activity and for stenotic sequelae.
Routinely used acute phase reactants may be elevated in the early or active phases of the disease; however their sensitivity and specificity remain poor. In a study by Dagna et al., receiver operating characteristic curves showed an area under the curve value of 0.75 and 0.68 for ESR and CRP, respectively, demonstrating that they were inferior to a novel biomarker, pentraxin-3 [20, 21] . Pentraxin-3 is a protein rapidly produced by many cells, particularly endothelial cells, in response to inflammatory signals [22] and is believed to be an early marker of inflammatory activity in the vessels. Reversal of T cell CD4 : CD8 balance with an increase in the number of CD8 cells has been demonstrated to be a useful marker of disease activity in this condition, as seen in our patient [23] . Whilst emerging data support the use of circulating endothelial cells in small and medium vessel vasculitides [24, 25] , their role as potential biomarkers in large vessel vasculitides remains unknown. Large studies assessing the role of anti-CEC antibodies in TA are also lacking [24] . The uptake of 18F-fluorodeoxyglucose on PET imaging is reported as a potentially highly sensitive and accurate method for assessing disease activity in patients with TA. In studies of adult patients with TA (the largest study involving 39 participants) the sensitivity and specificity of 18FDG-PET scanning was shown to be 73-100% and 83-92%, respectively [26] [27] [28] . Contrast-enhanced MRI with late gadolinium administration may detect increased arterial wall thickness with evidence of late gadolinium enhancement, suggestive of active large vessel vasculitis [17, 29] . CT angiography is able to detect vessel wall alterations and define luminal changes and may be useful during diagnosis and subsequent monitoring, although this lacks an ability to define active vasculitis [17, [29] [30] [31] . In our case, absence of FDG uptake on PET-CT leads us to conclude that contrast induced MRA was unlikely to add further information, and hence this test was not undertaken.
Digital subtraction catheter arteriography is regarded by most as a gold standard for defining lumenography, of particular importance in the assessment of patients potentially requiring revascularisation procedures [32] . Surgical techniques such as angioplasty and bypass are reserved for symptomatic use to restore circulation but do not alter the underlying disease process and are associated with a higher morbidity and even mortality if performed during active disease [33, 34] . This latter point emphasises the importance of accurately defining disease activity if considering a revascularisation process.
In summary, TA can present in childhood and the diagnosis is often significantly delayed despite advances in laboratory biomarkers and imaging to detect vascular inflammation and anatomy. We present a paediatric case with fatal outcome where postmortem studies revealed the true extent of ongoing vasculitic disease activity, and extent of arterial injury, particularly in relation to coronary arterial involvement. We suggest that one of the main reasons the prognosis for TA in the paediatric population remains (arguably) unacceptably poor is through diagnostic delay. If we are to influence this, clinicians must consider the diagnosis earlier and be aware of the limitations of the current technologies for the detection of active large vessel vasculitis. A concerted, international effort of clinical data collection in disease registries and challenging treatments using clinical trials is needed to improve the evidence base for the diagnosis and management of large vessel vasculitis in young patients.
